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F 2 7 il 24K (Chimeric Antigen Receptor, CAR)-T Ml 382 o2 T Ml & 2 2 fuEiiko—
OTHY, ZE) oMERIE, B COoSE, BEY O SR 2 & o B MR R0 £ S E B 20 B
FBLGHRE L L CEEIFFEFICHER SN Twb. CDI9$UE AR & L7z CAR-T Mg IC X % EIFR LR 45 2 MHERERIC B
WG, HEETE B IR RIS 1A L TR A R AR AR Sz, CAR-T MBI R ¢ &, T Miludsk:
O THIlZEEE ) ECBATELR b o PR 2 PR E L TR L2 2 E BRI HL Lz k2 P
ZEARE T HZ LT THIEO HLA #0tk % 289 2 L8 2. CAR OB TN 8 2 4 > & LIifko Fab
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F—U— R DEETHAL T, #rREsik CAR-T Al

L &I

(LRI & 7 o 7o MR E S B O TR % K
ELEZ ) DEBIRIEE CTHIE Lo 7248, il
BRI SRR 7 5 % 2 5 P24 (chimeric
antigen receptor, CAR) & A T Hlg D BB TE %
bYoOOH 5. WekizA LiENS S, CD19 Juli & LY
& L7z CAR-T M@k 234 4E H 58 £ 72 3o
CD19 B2k B flfe: A s (B-acute lymphoblastic
leukemia, B-ALL) & OVF A RMIIAALY > /)i (Dif-
fuse large B-cell lymphoma, DLBCL) {2k} L CHfEL L
ToEE L LCHENTS 2019 4F 3 AIC#SEIGERA S
72.DLBCL 213 v ¥ = TUROKEIOHHE L 7 5.
ARG TIEED & 9 %288 CAR-T fFgA Bz S iz,
F2FOREB LA OY-ERIIOVWTHERS.

EEECFRE THIELIEDOD

AV CTRIEL T = 7 & — Ml & BE A - B L TS
T B REEEE TR EL LI Tw s, Th
FTA oy —uA F(I0)-2 THHMAL L 72 NK i
FRe, DSAKMCIZTE T A IEERE Y~ 235k (tumor
infiltrating lymphocyte, TIL) ##:, ™7 4 )V RGEHY
THIEZ EA SN, —EDOEIREINTE . L
L, FRICHUSERSRY T M 2 IR TR =R B < el

T5ZEEESHTIE R, L LIEGPURAEZE S 1,
ZOHRTHIFEEDOFH NS O hoTL B L, Zhz
kT A THIfE Y u— v Pk cEEENS
@ T #MFaZ 74K (T cell receptor, TCR) ik #(z
T a7 7 —IHAIAAT T AR BT EAT UL
PR R T MO ERA T RE L 22 0, SR
THHRE T 2PURGFRD T Ml % 45T X 5. FR2ht
ROFERME % F52 CAR-T M OBE, PriRFRE TR
BIGDETH - 7275, CAR-T ML I TH5E T
ELOTHBEG THELAENED L. F 7P
HINAG ETG T 2 45 5 7201213 NK M2 AL ETH
505, AL T ) LSBT - TR AT
W EEMEDS S B A%, CAR-T MIEIE 2 H & A3l
EMEDL-TBY, HRICTHER L TRERIHG T
%. S 5|2 CAR DA o EETREZEMT 52 &b
RECTH Y, HWREZBILT 5720004 s h 4 ViEfsF
DIAARR, MOFIEMBBOBIH ZEHET 27200
TENA VRZOZHEEERBSELILHTEL.
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(IgGER %A, CD8, CD28 fthesR)

l CD28, CD137, {theB3k

_JCDSZ

(A% H, =g L, B8

M1 ¥ xZHEZEAE (CAR) OffiE

FELOHE TII R Bb s, 1 S 1Pk HH -
BEHO I E TCR O FHEE AL~ 7 AD T
Mgtk TdH 5 EL4 ISEHL S, PUFIZ X ) EL4 23514
163252 EER LI F0 2412 Gross &AL
7o TR MR S DM TB Y, Jioid I h g
chimeric T cell receptor, ¢TcR & %ffiF7z. E5I12%
OFFEE LT, OMHC/HLA #3tEh3 7% < EEHTH
5T L, QLS N T ML D s TEA THE
TE&52 L, OIIIECREZRBIICEAZ L 2%
VF, 3 CIZBUTO CAR-T MR OB &5 21 T
ENTnW/ L 2AT, AL TS CAR 13
FHEEPHDY VT AIRHE L~ RHTH B2, 20
JEEIE 1993 4F 1 Eshhar 512 & » THisF S, 2027
FECHARFE LCAESRITS. Zdg - %
OB ICEETEATS ERMEN RS20,
DT EMEELIEDT 0T, HEILIZEERAT v
T Tholz. MUNIPUE D 7 F v RN RE L
T Al 2 363 2 M < 2 4 1% TCR &R0 ¥
7 FIREG T CTdH A CDICBHOHMIBA K A 4 V7213 T
Ho7z. L L 2000 FFIHtE S 7 BARIURTH %
CD20 2%t 3 % B pifk & CD3C A & 7% %5 CAR-T
M % 7)) Do i x4 & L2 RRRRER GRER T
5 NCT00012207) {6 L 2 1k 2 o Tld % <,
FRICEE CAR-THIBSO RSO S A L 7 - 727,
R, THIROEEALIZIE TCR O ALY 7V 1
O, CD28 % CD137 (4-1BB) 7 & DEIRIH T4 &
Ay 7 2HHET, FICHERFIE T Ao L
DEAGVE SO, ANEEB LT AE) — THllE
OERIZEBELD 35, ORI T-OMEAN F
A A V% CAR OHMINAN KA AL 27 7 LITHEWTHL
ARG TTEPID THE SN, 20 CDI3T &Ik
E LS SE LR FHRD F X4 Uik s h:
A%, BAEIZ CD28 & L < 1Z CD137 & CD3¢ & flA G D

BHIENERER->TWS (M1). MHEMIZ CD3L
B> CAR 2355 — X, CD3C 1SRG 7% 1 D2
L7z O E AR, ZoR L7z O E =1 LI
ECTw s, ARG SIS R T,
HagERE, YA M A VAR, RNAETEEOHS %
M EARD SN TWS
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B O BB 2 350" U7z, RN IR 2 2B L 7
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THIKLE DG EEZLNTW 20, ZORALED
F AT AR (S0 S Mart-1HuEUFR 1972 TCR
EA T AL ORI S iz, ) »osEk
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o1, R ToREENIM & T MifEo5LEE $ yE
%O THROAEFICHEDLKRTTHLI EIRENT
Wa. BIFEAINNIAARSCREITH R L2 25w a5t
B DT wh & oM, S BB TH T, 100
B LNV F THREISN TV, IEE I ERE KA
M & 3R 2R L7270, SRR L &
BIZONTHIBOETE» Y NIV AE) =025
AL T 27 ¥ —AEY —, ELIIREKRTZ T2
5 —~EALT B2 THHY. A®) —BEERET S
CAR-T MIRIZARN CTHUR 2 F3L L 7= JESMA I 49
AL LI C & 5720, BUAECIER 2 % /b
RICHD L LI TETWS., lo X ) ity
FERRASEE D 2 SN, HIFED CAR-T M2 TE H -
T&72DTH 5.

CAR-T HHIT DR PR EER

FEIZHE CD20 $ifk % & D — o CAR-T fffad
FEIRFABRIC D W Tk R 7z, Tl AR LI o s 12
EI)THo72THAH %, 3 2010 F IS I HRIENR
) 2 SEEASBIRN /N L7z & ORPIOIED B - 727,
ZOW%, £ L F S TEBBOMEA 20124127 A A
N7 A RS2 D Rosenberg D 7 Vv — 79 6 7 7219,
MO O o @R @)~ A
WEZIINL, IVFSErEy a7+ A7 73R
12X B ETALE I 05~55%107/kg o> CD19-CAR-T
Ml % &5 L 72. CAR TfEib =R 5113 CD28,
R7F7—=1FV bas A VAT, BEMIE 24 Ad -7
8 Bl 6 BTl AR M ALk > CAR-T fifdid KT
1% BETH o 7255, 2HITIE30% 22 5 LHEZR
L7 &%) oA (Chronic lymphocytic
leukemia, CLL)1 Bl T2ERLESN, 6 BT
22y, 1 BICEE, 1 PHIEAGETIE L L7z, wEngeiE
PolZkf 9 % CAR-T Ml L TiE, 2014 4EH 5
2015 SRS THELRE A B 14~30 B O G A5
W giLEIR Y 7 e 7 A7 7 3 F (151030
g/m2) B 1 7%k &, iz7vyser Bl
yrmu7 A7 73 FEHTH o720 BRHGFiE Y
Fa A NVANRY & — % L7z ik (Memorial Sloan
Kettering Cancer Center, MSKCC # X OF National In-
stitute of Health, NIH)'""¥*-C{X CD28, L ¥+ 4 )L
AN B — A L 72 2OV = 7 R B s
TIX CDI37 ThH-o 7. #&h-Sh7: CARTHMfEIEBE
&2 1~5x 10/ kg DFPH TH o 72H%, XY TN =
7 /NRIREEY Tk 1~5x 10 /kg & 10 5% H o 72, 2
% DR GT F I NG B-ALL C, [FAH 5 1 s e #2 il
BOWFBINSZFNEN25%, 60% % & TN TV,
BRI ZENENT1%, 0% & HHET, ZOW
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MSKCC Tid CAR-T MBS IEFEFIZ 7 404 )l 1 i
TR % Z T T2 by, Bk 5H 4 M A Uik
HisEME (cytokine release syndrome, CRS) & 31
S L, BE CRSIZZFNZEN50%, 27% (254 LY,

TR S B #0112 CD28 % Jil v 72 MSKCC T 4
BNFEA L7 (9 B 160k CRS OAHHIFED Sikdo
7)Y O 3HEIIER T X ) vosEE CLL 5%
AR T, BEFRFIL B-ALL £ WK< 50% Kiiii T,

CRS RV Y W=7 KEF O # B & KA 72197,

HALE ¥ G- g, BI85 7 B 7z ok i
5 DKEETH B AT, CRS XY ¥/ SEREB TR
B33 1), F 7 R BT 12 CD28 ASHIW &
NG AN DR D - 72, W LTSS -

e B-ALL 8 £ OV DLBCL 2817 5~ ARG X
W2 OTH Y, WATTIrbi 7z EREEE 1A
DFGREPDHPEFE 2 ZDHBD I NV T 4 ZFLED tisagen-
lecleucel DM DKB~ND L h3 o7z, & 51T CART
MRS~ OBLASE D, CD19 YA #i 72 e ERHT
X9 % CAR-T ML OB R, BIEASAND IS
THEAN o T2,

CAR-T HIBODEEEREMBER S LV Z DMK

1) Y41 MhAHRHBERE (CRS)?

CRS 1352 R 25\ BN G AL L 72 IREE TRE 2 % hEf%
BT, 2L OBEaHS5HEAH»S 14 HH £ T(CD19 CAR-
T MR CIlErP gLl 3 H HATfR) (S84 L, Sl
17T UERER TIPS A Z L, T 256
B 5. FERRHT AN ML ERE BT BT & — BT %7
CRS i CAR-T Mlg#EICE Lz b o Tid e {, BE
TR THNZELRET 7 =7 & —MIOEELIC
Do TRIETHDDEARLINTWS. B 213 blinatu-
momab® RPRIER T & o THRIEMILIEIL S h 535
EVEENS. B CTCAE v4.03” THE X b CRS
TIZERRICZF ChnwE & CAR-T MfaiRER %177 -
T 5 ik R R RAERI, Wi, CAR-T Offfx,
Sk e Lo 812 X D SRR RIS b E VA
Holztz, KEND 6 ik h8E T - THW & wHED
HA R4 Y OERA R END . ZRI X B E3ED
MPEIRTH 1, ARIMLE B X ORI 0 e 12
Lo T U—=FPPREEN, ZNIIB LM ADRE
N7z, F 7otk 2 PRt R R L, ERRATZE
MW IZ X B AEEBR T, CTCAE v4.03 T3 2.0 R0 JE
bEINTVAd, BECKIENE L) k-7
2019 412 7 o TRER AR T2 (ASTCT) 205
EHIE L DREENRSIL THER SN2 AL K54 >~
WARFEN, Lo A FI4 VIZHE LTV S,
Wil % 4 9 BRI LE R 2 L, ED X)) L
HTHDWNCERE TR ONLERIZT T L — B
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F 1 EMEEENS % CAR-T MR IE OB & % 2 FERHLIE

PR 44 X G
CD5 T Al P N 355
CD19 B P A 95
CD19-CD20 B Al b 55
CD19-CD22 B e 1 e 355
CD20 (MS4A1) B Al s 55
CD22 (SIGLEC-2) B Al b 57
CD30 (Ki-1, TNFRSF8) B A 2 i 355
CD33 (SIGLEC-3) B BEERE N
CD38 (ADP-ribosyl cyclase 1) EZ2 el
CD44v6 (hyaluronic acid receptor) Bk B i
CD70 (TNFSF7, CD27 receptor) B A/ T M a0 55
CD116 (GM-CSF receptor alpha) /I VR B R 1 ML
CD123 (IL-3Ro) Sk B IR
CD138 (syndecan-1) B B N
CD269 (B cell maturation antigen, BCMA) E2 gl

Ig-kappa
Lewis Y antigen
NKG2D ligands

RORI1 (receptor tyrosine kinase like orphan receptor 1)

B IR PEIESS, £ 5E1E 4 RilE

S RETE M, R S O R
Ak BRI, B B BE R
B A P i 55

WETEZL)ICTRENTVS (EDY. KIED
7L — FIEAIEHIOZER & HAD 2 KDL EO G AN
EhE ) ABRINIED 7 L — FIiE 61/ hrEh
Y FoOBFERG OBER L GITIRR S LENE D) D 2
RS2 CIETE 5. e BIEKEE S L7z tisagenle-
cleucel |ZFERDEED CRSHHELT W I1) X LD 5T
By, EIEFHTA FOREHRD TN EZERL TV 5.
HHE 7L — F 2 T CILIHi & FEH, E OmER
HTH oD, JUBHARTT L — FAHELT T UL FRAE
IBEICAHAEEEHD L L L HITIL6 ZHEEIERTDH 5
tocilizumab OG- EE I NS, L —F4 & i
FEPLEE %Y, CRSEFLEZEELELTAF VT L
F=varyEEDA7a4 FHPEREEINDL. TDH% CRS
OFFi b L I 72012, 595 CAR-T A=
7 1x107/kg BEEICHE T A 2 &, F /213 ol
Blo$e 59 % 2 & 7 EAGAA O TS, PR R CAR
TRV 2RO, F SMRNT Z7Fv A4
N2 X 5T CAR-T MleOANENERIZRE CED L7290,
TBNCARES T A LB D 5.

2) HESEM

CAR-T Ml O MHRERERIZ I OEAF 3 2 PR SR
BIFERY, BGEAOFEREELREBIMNLE 2 ET
BRI I BH, TNLHIIBRNZHEINERETHS
728, CAR-related encephalopathy syndrome (CRES)*
LSz, MofEL 7 =7 ¥ —HMilled 5K &
7015 Z & 25 Immune effector cell-associated neu-
rotoxicity syndrome (ICANS) &\ 9 ZHiIAMEE S
TWwa?, RPZERIZHSL M E 2o TS, CRS
BBRICRIET 25— A% w2 L, ERIRL-T
WAHZ ENDLCRS LRl EEEZONTWAS. T

MR o\ FTE AL 2 TR R O SSEMES A b A A
OO MR MR EV RN S 5 LT HHED D
D, FBE CAR-T Mifa2Bii b CHh M Eh 2%, K1)
VRS, Z)0E, IRER, I A u—X AR ELHERE X
NTWAREERMICZ LW 2o BT B fib i
o BUE T NE, Rk, KRR Re i/
SPRREE,  EREEHNIC B B EA F B L WA s h T
W5, MREDREIRE LTRESD D, WGk H
FREE, KGR PSS RSN, SENEY
A MI A YOS EH I TW S, tocilizumab
OYH IR TH D, HERETHARBERE GO L
2725,

3) B%

H—DPFE 2 E1I2T 50, ZobE 2L
7N T Y MBS A & CAR-T MlEOR R HIFET
XL %% . /NEB-ALL IZBW T 10~20% DOHET
CDI19 VUK DOHEAHEZ ¥ Zo T CD19 &
BIZTHEORIRH 2% CDI9 DT L— A3 7 MER,
SHIZCAR AW LN HfkDO LY F—F % a— ¥
bexon2 % AX v 755 L9 BN mRNA 2#HE X
7%, FkEZBUE T 213 CD22 CAR-T Ml T Hiis
ENTWDLY, I s oMiE CAR-T flfgdgics
WTH, RERENRE, REICENtEr o7 u—
UANBREINTL BT ERRLTWD, 29 LzPUE
I T 2 OREZ IR % 720, 2 FEHOPUAHS
HEBAL % B - 72 Dual CAR-T® & 7213 Tandem CAR-T*
HLASBHEINTETWS, INFETICHEFINTE
7o ML AR RS (R 9 2 ERBENPUR 2 2 2 1R T

4) ZOMOMRES

CAR-THIEBIZ T 5 Z & THUREETIIFEETEX v
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FL—F TR A1 KRR
1 38T Mk ZL mL
2 38T ML FHEHIA % R (61/53 LA T) OREsMRE %S 5
3 3BC UL 1HEEOREHN NV T Ly Y YT 28T 5 FUHE 6/ LT) ORRIRE, <A EHT D

4 38C LLL

2HFL L OFER Z T B

BIERSAE BT 5 (59

(1) Lee 5O % LIZHEHIEK.

(HE2) MRS AZ RN = 2= LEWNLDOT, BHEF2—T 2Ky FHELTREKLET .
(£ 3) CPAP (continuous positive airway pressure), BiPAP (biphasic positive airway pressure), 4, AN LI 8% &,

£ BRIV PUR L 22 BB L T e WIES AT b 655578
HEIC 7 o 72257 IR H IS5\ 22 A3 5 6] UHUR % 76
BLTwa e EEL2INELILEZERT 5. CDI9
CAR-T MILIAEBBIZIER B U ¥ /S ERB KL, WhiFeh
VERIEOREZTT) VOKTERT. Ihbid
On-target off-tumor Kt & FFEN 5. Z N DIAMZ off-
target & LT, SRS FHENORESE R T
ZEHHY, HHEENOBIUIIERSLEL R D,
Z DAt CAR-T M v & 3T 2 Bk oo w] 28 5
RRT F =W V7 AT B BEM OGRS
W2 & o TS 5 2 0, CAR-T MR HERR E L)
5% F 12 FEIH A DOBA I AN AR D T g
P CTH 5 720 SNZR RSB R WEEDE L,
BERFEEEA AT S Twn Y,

kD CAR-T MIUIBEZEBEDT—F— A= FThD,
RAYMERAL & ok, MINaEE 2N Thigk C o MR &
TANWANRY F—IZ X HBIZTEA, wmEBRAEL I
BHIEREANOWSE T CELHEOBR D05, TN TH
CAR-T Mgk B © % < O BFICRMAE I SO
TR, o b2 o AE R B-ALL "C i A A i s
JahliZe SIS BELREAE REVP LS B0 Lk
v bl o R A C U R I R R R A £ D P38
I CAR-T Mifa#: 2175720, CAR-T MilgiaHe <
BRI A - 72 & & A CTHlE & o [l A i e 2 Al &
fTo72) LTHY, BT 2 HHiHE 223K
B INTWDY 21X CAR-T Mg % F3ENA )
2 7 B ORI QW AT 2 G250 L L
AR RS A E L 2T T A MK T
L0 L), ThESHOMGTEETHL. »
FTAIUTLTH CAR-T MINEFRE D 3 2 N FHIIEIXEEE O
HEThb., BIIEIANARZ ¥ —Zflibhw o 2
RV BIRTFEAESENACRETTH Y, ZOk
Wiz nsve,

= B

CD19 CAR-T Mf#RE: 13 F 5 AR K72 F I HEHR O 4 4E
% B-ALL B & " DLBCL I2ZIB L O —FIEEE D
7256 L) MR kgl LTBY L. CRS &k &

DEELAFHREPHET LD, TOTL—I AL
IR ISR R E T — A e DD, BB
T2ICLFERPHEE I MR EFHEL L OEND
505, INHEWIRT AL H#ATED, 5HO%R
IR L 72w,

X0 COLBR @ RIEEM GRIEEL : VNV T 4 27 7 —=,
YNNI =V, TVAM - RAXY—=R A7 4T, 70Tz s M
JEMEE - WFRE  TUA ML - AXY =X AT A7)

RESLONEO—HRIE, 55 67 Il H AN - MlabiREais
HEWE 2 TRELL.

X &

1) AdachiK, Kano Y, Nagai T, et al: IL-7 and CCL19 expres-
sion in CAR-T cells improves immune cell infiltration
and CAR-T cell survival in the tumor. Nat Biotechnol, 36:
346—351, 2018.

2) Kuwana Y, Asakura Y, Utsunomiya N, et al: Expression
of chimeric receptor composed of immunoglobulin-
derived V regions and T-cell receptor-derived C re-
gions. Biochem Biophys Res Commun, 149: 960—968,
1987.

3) Gross G, Waks T, Eshhar Z: Expression of
immunoglobulin-T-cell receptor chimeric molecules as
functional receptors with antibody-type specificity.
Proc Natl Acad Sci U S A, 86: 10024—10028, 1989.

4) Eshhar Z, Waks T, Gross G, et al: Specific activation and
targeting of cytotoxic lymphocytes through chimeric
single chains consisting of antibody-binding domains
and the gamma or zeta subunits of the immunoglobulin
and T-cell receptors. Proc Natl Acad Sci U S A, 90: 720—
724,1993.

5) Till BG, Jensen MC, Wang J, et al: Adoptive immuno-
therapy for indolent non-Hodgkin lymphoma and man-
tle cell lymphoma using genetically modified autologous

CD20-specific T cells. Blood, 112: 2261—2271, 2008.



856

7)

8)

9)

10)

11)

12)

13)

14)

15)

Finney HM, Lawson AD, Bebbington CR, et al: Chimeric
receptors providing both primary and costimulatory
signaling in T cells from a single gene product. ] Immu-
nol, 161: 2791—2797, 1998.

Finney HM, Akbar AN, Lawson AD: Activation of rest-
ing human primary T cells with chimeric receptors:
costimulation from CD28, inducible costimulator, CD
134, and CD137 in series with signals from the TCR zeta
chain. ] Immunol, 172: 104—113, 2004.

Hudecek M, Lupo-Stanghellini M T, Kosasih PL, et al: Re-
ceptor affinity and extracellular domain modifications
affect tumor recognition by ROR1-specific chimeric an-
tigen receptor T cells. Clin Cancer Res, 19: 3153—3164,
2013.

Almasbak H, Walseng E, Kristian A, et al: Inclusion of
an IgG1-Fc spacer abrogates efficacy of CD19 CAR T
cells in a xenograft mouse model. Gene Ther, 22: 391—
403, 2015.

Slavin S, Nagler A, Naparstek E, et al: Nonmyeloablative
stem cell transplantation and cell therapy as an alterna-
tive to conventional bone marrow transplantation with
lethal cytoreduction for the treatment of malignant and
nonmalignant hematologic diseases. Blood, 91: 756—763,
1998.

Childs R, Clave E, Contentin N, et al: Engraftment kinet-
ics after nonmyeloablative allogeneic peripheral blood
stem cell transplantation: full donor T-cell chimerism
precedes alloimmune responses. Blood, 94: 3234—3241,
1999.

Dudley ME, Wunderlich JR, Robbins PF, et al: Cancer re-
gression and autoimmunity in patients after clonal re-
population with antitumor lymphocytes. Science, 298:
850—854, 2002.

Tan JT, Ernst B, Kieper WC, et al: Interleukin (IL) -15
and IL-7 jointly regulate homeostatic proliferation of
memory phenotype CD8+ cells but are not required for
memory phenotype CD4+ cells. ] Exp Med, 195: 1523—
1532, 2002.

Louis CU, Savoldo B, Dotti G, et al: Antitumor activity
and long-term fate of chimeric antigen receptor-positive
T cells in patients with neuroblastoma. Blood, 118:
6050—6056, 2011.

Kochenderfer JN, Wilson WH, Janik JE, et al: Eradica-
tion of B-lineage cells and regression of lymphoma in a
patient treated with autologous T cells genetically engi-

neered to recognize CD19. Blood, 116: 4099—4102, 2010.

Japanese Journal of Transfusion and Cell Therapy, Vol. 65. No. 6

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Kochenderfer JN, Dudley ME, Feldman SA, et al: B-cell
depletion and remissions of malignancy along with
cytokine-associated toxicity in a clinical trial of anti-CD
19 chimeric-antigen-receptor-transduced T cells. Blood,
119: 2709—2720, 2012.

Davila ML, Riviere I, Wang X, et al: Efficacy and toxicity
management of 19-28z CAR T cell therapy in B cell
acute lymphoblastic leukemia. Sci Transl Med, 6: 224ra
225, 2014.

Maude SL, Frey N, Shaw PA, et al: Chimeric antigen re-
ceptor T cells for sustained remissions in leukemia. N
Engl ] Med, 371: 1507—1517, 2014.

Lee DW, Kochenderfer JN, Stetler-Stevenson M, et al:
T cells expressing CD19 chimeric antigen receptors for
acute lymphoblastic leukaemia in children and young
adults: a phase 1 dose-escalation trial. Lancet, 385: 517—
528, 2015.

Kochenderfer JN, Dudley ME, Kassim SH, et al:
Chemotherapy-refractory diffuse large B-cell lym-
phoma and indolent B-cell malignancies can be effec-
tively treated with autologous T cells expressing an
anti-CD19 chimeric antigen receptor. J Clin Oncol, 33:
540—549, 2015.

Porter DL, Hwang WT, Frey NV, et al: Chimeric antigen
receptor T cells persist and induce sustained remissions
in relapsed refractory chronic lymphocytic leukemia.
Sci Transl Med, 7: 303ral39, 2015.

Maude SL, Laetsch TW, Buechner ], et al: Tisagenle-
cleucel in Children and Young Adults with B-Cell Lym-
phoblastic Leukemia. N Engl ] Med, 378: 439—448, 2018.
Schuster SJ, Bishop MR, Tam CS, et al: Tisagenlecleucel
in Adult Relapsed or Refractory Diffuse Large B-Cell
Lymphoma. N Engl ] Med, 380: 45—56, 2019.

Lee DW, Santomasso BD, Locke FL, et al: ASTCT Con-
sensus Grading for Cytokine Release Syndrome and
Neurologic Toxicity Associated with Immune Effector
Cells. Biol Blood Marrow Transplant, 25: 625—638, 2019.
Grupp SA, Kalos M, Barrett D, et al: Chimeric antigen
receptor-modified T cells for acute lymphoid leukemia.
N Engl ] Med, 368: 1509—1518, 2013.

Teachey DT, Rheingold SR, Maude SL, et al: Cytokine
release syndrome after blinatumomab treatment re-
lated to abnormal macrophage activation and amelio-
rated with cytokine-directed therapy. Blood, 121: 5154—
5157, 2013.
https://www.eortc.be/services/doc/ctc/ctcae_4.03_20
10-06-14_quickreference_bx7.pdf (2019/9 accessed).



H A B A et R 2 S

565% 5565

857

28) Lee DW, Gardner R, Porter DL, et al: Current concepts 35) Grada Z, Hegde M, Byrd T, et al: TanCAR: A Novel Bis-
in the diagnosis and management of cytokine release pecific Chimeric Antigen Receptor for Cancer Immuno-
syndrome. Blood, 124: 188—195, 2014. therapy. Mol Ther Nucleic Acids, 2: €105, 2013.

29) Neelapu SS, Tummala S, Kebriaei P, et al: Chimeric anti- 36) Schneider D, Xiong Y, Wu D, et al: A tandem CD19/CD

gen receptor T-cell therapy — assessment and manage-

ment of toxicities. Nat Rev Clin Oncol, 15: 47—62, 2018.

20 CAR lentiviral vector drives on-target and off-target

antigen modulation in leukemia cell lines. ] Immunother

30) Santomasso BD, Park JH, Salloum D, et al: Clinical and Cancer, 5: 42, 2017.
Biological Correlates of Neurotoxicity Associated with 37) Watanabe K, Terakura S, Martens AC, et al: Target an-
CAR T-cell Therapy in Patients with B-cell Acute Lym- tigen density governs the efficacy of anti-CD20-CD28-
phoblastic Leukemia. Cancer Discov, 8: 958—971, 2018. CD3 zeta chimeric antigen receptor-modified effector
31) Gust ], Hay KA, Hanafi LA, et al: Endothelial Activation CD8+T cells. ] Immunol, 194: 911—920, 2015.
and Blood-Brain Barrier Disruption in Neurotoxicity af- 38) Lamers CH, Willemsen R, van Elzakker P, et al: Immune
ter Adoptive Immunotherapy with CD19 CAR-T Cells. responses to transgene and retroviral vector in patients
Cancer Discov, 7: 1404—1419, 2017. treated with ex vivo-engineered T cells. Blood, 117: 72—
32) Topp MS, Gokbuget N, Zugmaier G, et al: Phase II trial 82, 2011.
of the anti-CD19 bispecific T cell-engager blinatumo- 39) Long KB, Young RM, Boesteanu AC, et al: CAR T Cell
mab shows hematologic and molecular remissions in pa- Therapy of Non-hematopoietic Malignancies: Detours
tients with relapsed or refractory B-precursor acute on the Road to Clinical Success. Front Immunol, 9: 2740,
lymphoblastic leukemia. J Clin Oncol, 32: 4134—4140, 2018.
2014. 40) Lin JK, Muffly LS, Spinner MA, et al: Cost Effectiveness
33) Sotillo E, Barrett DM, Black KL, et al: Convergence of of Chimeric Antigen Receptor T-Cell Therapy in Multi-
Acquired Mutations and Alternative Splicing of CD19 ply Relapsed or Refractory Adult Large B-Cell Lym-
Enables Resistance to CART-19 Immunotherapy. Can- phoma. J Clin Oncol, 37: 2105—2119, 2019.
cer Discov, 5: 1282—1295, 2015. 41) Ramanayake S, Bilmon I, Bishop D, et al: Low-cost gen-
34) Fry TJ, Shah NN, Orentas R], et al: CD22-targeted CAR eration of Good Manufacturing Practice-grade CD19-
T cells induce remission in B-ALL that is naive or resis- specific chimeric antigen receptor-expressing T cells
tant to CD19-targeted CAR immunotherapy. Nat Med, using piggyBac gene transfer and patient-derived mate-
24: 20—28, 2018. rials. Cytotherapy, 17: 1251—1267, 2015.
42) https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.c

gi’recptno=R000035020 (2019/9 accessed).

BASICS OF CAR-T CELL THERAPY AND ITS FUTURE DEVELOPMENT

Yoshiki Akatsuka

Department of Immunology, Nagoya University Graduate School of Medicine

Keywords:
Chimeric antigen receptor, gene-modified T cell, B-cell malignancy, adoptive T cell therapy

©2019 The Japan Society of Transfusion Medicine and Cell Therapy
Journal Web Site: http://yuketsujstmct.or.jp/



